This report presents acoustic characteristics of aeroacoustic sounds radiated from simplified models on a flat base. These models consist of a hemisphere, spheroid, half hemisphere and elongated hemisphere with an inserted half cylinder as an intermediate part of the hemisphere. An important purpose of these test models is to provide acoustic data which can be used to survey the aeroacoustic noise from the upper parts of train front. The second purpose is to provide acoustic data which can be compared with the results of simulation including CFD (Computational Fluid Dynamics) . An installation called the Maibara wind tunnel was used for experimental tests.
2. Outline of test equipment and models 2. Outline of test equipment and models 2. Outline of test equipment and models 2. Outline of test equipment and models 2. Outline of test equipment and models The Maibara wind tunnel, which belongs to RTRI, was completed in June 1996. The installation has an open test section and a closed test section. Tests to measure aerodynamic sounds are usually performed at the open test section. The major specifications of the Maibara wind tunnel are described in Table 1 . As seen in Table 1 , this installation has an advantage of rather quiet background noise, that is, 75 dB(A) at 300 km/h. Thus the installation is called a large-scale low-noise wind tunnel. A view of the wind tunnel is depicted in Fig. 1 . Three-dimensional models shown in Fig. 2 were selected as the simplified models ((1)~(4)).
(1) Hemisphere (2) Half hemisphere (3) Elongated hemisphere (4) Half spheroid The representative size was set at 0.6 m, which was decided to be as large as possible under the condition to make the blockage rate less than 10 %. ○ Effects of the different front shapes ○ Directivity characteristics of aeroacoustic sounds from the simplified models ○ Dependence of overall levels of measured sounds on the airflow velocity ○ Characteristics of A-weighted levels of measured aeroacoustic sounds As the outlines of the spectra have simple shapes, we analyzed mainly the 1/3 octave band spectra instead of detailed power spectra.
(1) Effects of the different front shapes The 1/3 octave band spectra of the sounds from the three-dimensional models are compared with each other in Fig. 4 and Fig. 5 except those of the sounds from the half spheroid, which are considered too weak to be distinguished from the background noise. The spectrum data shown in this report (Figs. 4 to 6 and Figs. 9 to 10) are corrected to correspond to the power difference between the calculated power of SPLs (sound pressure levels) measured at each point of 6 m distance under two model conditions with and without a model. The SPL under the condition without a model means the background noise level measured under the condition with only a table. Among the sounds from the three models which have spherical front surfaces, large differences in the sound pressure are not found, though slight differences are recognized, that is, the sound is the strongest with the half hemisphere followed by that of the hemisphere, and the weakest with the elongated hemisphere (Fig. 4) . The sound spectrum corresponding to the half spheroid could not be displayed because the strength of the sound was so low that the difference between the power with and without a model cannot be easily evaluated. Later, the Aweighted overall levels of the half spheroid are estimated (2) Directivity characteristics of aeroacoustic sounds from simplified models Concerning the sounds from the three models which have spherical front surfaces, a common directivity is recognized, that is, the sound pressure levels in different directions of radiation may differ largely in the 1/3 octave frequency bands of 400 Hz -800 Hz independent of the airflow velocity (Fig. 6 ). These directivity characteristics should be derived from aeroacoustic sounds generated at the spherical front surfaces and may be explained by certain phenomena of acoustic interference though the precise mechanism can not be understood. (3) Dependence of the measured sound pressure levels on the airflow velocity Concerning the sounds from the three models which have spherical front surfaces, the overall sound pressure levels follow the 6th power law of airflow velocity (Fig. 7) . Figure 7 shows the case of hemisphere. On the other hand, A-weighted sound pressure levels almost follow the 8th power law of airflow velocity (Fig. 8) , despite that the empirical law deduced from high-speed railway cars usually suggests the 6th power law. In Fig. 8 , the data of the half spheroid are depicted only in the case of A-weighted SPL with errors of approximately ±4 dB. But it is ascertained that the strength of the sound generated from the half spheroid is extremely low. The result that the Aweighted SPLs of the four models almost follow the 8th power law is derived from the fact that high frequency components which include those of 500 Hz band and higher frequency bands are dominant in noise levels (A-weighted SPL). These facts suggest that two different types of Fig. 4 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from simplified models (MT5, 300 km/h) simplified models (MT5, 300 km/h) simplified models (MT5, 300 km/h) simplified models (MT5, 300 km/h) simplified models (MT5, 300 km/h) 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from simplified models (MW3, 300 km/h) simplified models (MW3, 300 km/h) simplified models (MW3, 300 km/h) simplified models (MW3, 300 km/h) simplified models (MW3, 300 km/h) Fig. 6 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from 1/3 octave band spectra of sounds generated from hemisphere models (300 km/h) hemisphere models (300 km/h) hemisphere models (300 km/h) hemisphere models (300 km/h) hemisphere models (300 km/h) In this chapter, we present several facts and problems that have been found in further analyses and measurement.
At first, in order to distinguish the two frequency components that obey the 6th and 8th power laws, we determined the components so that the power sum of them becomes close to the measured data using the method of least squares. Their samples obtained from data measured at the MT3 point are shown in Fig. 9 and Fig. 10 . Fig. 9 shows the results for Strouhal number and Fig. 10 for real frequencies. Based on these results ( Fig. 9 and Fig. 10 ), certain acoustic effects are suggested on the radiated aeroacoustic sound that are related to a certain fixed frequency regardless of Strouhal number though precise interpretation of the effect can not be provided at present.
Second, in order to examine similarity of aeroacoustic sounds generated from the two sorts of models that have the same shapes but different model sizes, we have tested relatively 1/10 scaled models in a low-noise small wind tunnel ahead of the test in the Maibara wind tunnel. Fig.  11 shows the sound spectra of two scaled models at a side point 12.5 distant from the center of a model under a 300 km/h airflow, where is the height of each model. The data of 60 mm height is measured in the tests with the small wind tunnel, being corrected to correspond to the power difference between the measured data and the background noise. A large difference can be noticed in the sound spectrum patterns between the data of two different scaled models. This fact is considered to be exceptional from the viewpoint of the usual similarity law, which suggests that different flow patterns such as flow separation with a laminar flow and that with a turbulent flow are possibly caused by the large difference in the Reynolds number. Therefore, we can predict the noise levels of models three to four times larger in size based on the data acquired from the Maibara wind tunnel.
Finally, we researched sound pressure level contour maps of aeroacoustic sounds radiated from large simplified models using a directional microphone with an ellipsoidal reflector that is simply called ellipsoidal apparatus. This measuring apparatus has a 1.7 m diameter, 3 m distance between the two focuses, and excellent performance of resolution width in high frequency components. The relative strength of sound source distribution of the three models that have spherical front surfaces was examined by SPL measurement scanning by an ellipsoidal apparatus. The picture in Fig. 12 shows the case of an elongated model. The obtained map of the large half hemisphere in the 1/3 octave band level of 2 kHz central frequency is shown in Fig. 13 as a representative case. In this case, two regions are also found where strong sources are generated at the front area and the rear area. And the sound sources in the rear side area seem to be stretched upward. A measured map of the large hemisphere in the 1/3 octave band level of 2 kHz is shown in Fig. 14. In this case, two regions are also found where strong sources are generated at the front area and the rear side area. As for the third model, an SPL contour map sample of the elongated model is shown in Fig. 15 . This map also represents the case of 2 kHz band levels. As a result, a strong sound source region is found only at the front area, and the sound sources in the rear side area apparently become weaker. Such a strong sound source region at the front area is probably generated by the in-1 0 2 1 0 2 1 0 2 1 0 2 QR of RTRI, Vol. 42, No. 2, May. 2001 which have spherical front surfaces almost follow the 8th power law of airflow velocity. This fact indicates that the noise levels generated from the simplified models are almost entirely occupied by turbulent flow noise which is considered to be radiated from the turbulent flow itself around the test models even in the case of hemisphere model. (3) The strength of the sound generated from the half spheroid was extremely low. Through rough estimation, it is concluded that the noise from the half spheroid can be 10 dB or more lower than those from the three models which have spherical front surfaces. As a conclusion, it is confirmed that a moving body which has an effectively smoothed and streamlined front shape can sufficiently decrease the aerodynamic noise generated from the upper parts even if its running speed reaches 350 km/h. R e f e r e n c e s R e f e r e n c e s R e f e r e n c e s R e f e r e n c e s R e f e r e n c e s 1) A.Sagawa, J.Matsuo, : "Experimental Analysis of Aerodynamic Noise Radiated from Simplified Models on a Flat Base," Inter-Noise'99, pp.229-232, 1999 2) A.Sagawa, J.Matsuo, : "Acoustic Characteristics of Aeroacoustic Noises Radiated from Simplified Models on a Flat Base," WCRR'99, only in CD- ROM, 1999 teraction with the bluff front shape and the boundary layer of wind tunnel airflow. Though we have not obtained an SPL contour map of the half spheroid, we conclude that the strong sound source in the front region can be drastically decreased by stretching the hemisphere until it becomes the half spheroid in the direction parallel to that of the main airflow. Through rough estimation, it is concluded that the noise from the half spheroid can be 10 dB or more lower than those from the three models which have spherical front surfaces. As a conclusion, it is confirmed that a moving body which has an effectively smoothed and streamlined front shape can sufficiently decrease the upper front noise (aeroacoustic noise generated from the upper parts) even if its running speed reaches 350 km/h. Conclusions of this report are briefly described below. (1) Among the sounds from the three models which have spherical front surfaces, large differences in the sound pressure are not found, and certain common characteristics are observed in the directivity and dependence on the airflow velocity. (2) It was ascertained that A-weighted sound pressure levels of the sounds from the tested three models 
